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Abstract. Abstract State Machines (ASMs, for short) provide a practical new computational model
which has been applied in the area of software engineering for systems design and analysis. However,
reasoning about ASM models occurs, not within a formal deductive system, but basically in the classical
informal proofs style of mathematics. Several formal verification approaches for proving correctness
of ASM models have been investigated. In this paper we consider the use of thelddié for the
deductive verification of a certain class of ASMs, namiesic ASMsvhich have successfully been
applied in describing the dynamic behavior of systems at various levels of abstraction. In particular, we
base our verification purpose on a translation of basic ASMs to the Temporal Logic of Actions (TLA)
used as a formal basis to formally specify and reason about temporal behaviors of basic ASM models.
The temporal deductive approach is illustrated by the formal correctness proof of a producer-consumer
system formalized in terms of basic ASMs.
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1 Introduction ASMs, states are represented as first-order structures
(Algebrag over the same signature (Vocabulary), and
Abstract State Machines (ASMs), previously calleg  transition rules define the changes over time of the states.
olving Algebrasand introduced by Y.Gurevich in [10], Inapplications, abstract state machines are considered a
constitue the formal foundation of a practical methodsuitable specification formalism for giving semantics of
ology in modeling and analyzing various kinds of com-a system in terms of its set of possible executions (i.e.
plex dynamic systems. The ASMs method has beestate sequences).
successfully applied in different areas, such as software Besides the standard mathematical techniques un-
and hardware systems, programming languages, comerlying the ASM approach that naturally support in-
munication protocols and distributed algorithms (§ée [Xprmal mathematical proofs of ASM model properties,
3] for a comprehensive overview). It provides a flexi-there has been work on formal proof systems for ASMs,
ble formalism to specify the operational semantics of asing various formal verification tools|[1,[€6,[7/9) 13| 14,
system at a natural abstraction level in a direct and ift5,16]. For instance, [14] use the KIV (Karlsruhe Inter-
tuitive way [3]. The ASM approach belong to the fam-active Verifier) system to mechanically verify the proof
ily of state-based methods, which model a system asdd correctness of ASM refinements, both referencés [4]
transition system. An ASM model describes the statand [7] show how ASMs can be encoded in the PVS for-
space of a system by means of universes (i.e. bagical system in order to perform mechanical verification
sets) with functions and relations interpreted on thengf the correctness of ASM specifications or to mechan-
and the state transitions by means of transition ruldsally check hand proofs using the PVS proof system.
by which the system is driven from state to state. I'While in [16,[15] algorithmic verification approaches
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based on model checking techniques have been applipbaches for basic ASM models because they are the
for proving correctness of ASM specifications automatelosest to our work.

ically. In [13], Antje Nowack has suggested to use monodic
In this paper, which is an extended version of oufragments of First-Order Temporal Logic (FOTL) to ver-
outlined work presented in|[5], we propose to adopffy ASMs. In particular, he proposed the definition of
Lamport's Temporal Logic of Actions (TLA)_[11] as guardedASMs and has shown that verification of the
an appropriate alternative to the logic-based approachggoperties of such specific ASMs expressed in the guar-
[1,16,9,"7/ 131 1B], to formally reason about basic ASMjed monodic fragment of FOTL is decidable. A re-
specifications (models) of dynamic systems. TLA is @uction to the finite satisfiability problem of guarded
state-based logic which provides the means for describnonodic fragment is used. In this approach, the trans-
ing transition systems (i.e. states, state transitions angtion schemas address a restricted subset of the stan-
thereby the resulting state sequences) and formulatiggrd ASM language. The rules supported assign-
their properties in a single logical formalism, equippednentandconditionalrules. Also, only functional sym-
with a relatively complete set of proof rules for reasonbols of arities at most one are supported. These are con-
ing about safety and liveness properties that can be reiderable limitations on the power and flexibility of the
quired for systems. The operational behavior (semamsSM specification language.
tics) of a basic ASM specification is directly defined |, more recent work [6], Fisher and Lisitsa present
by TLA-logical formulas and the TLA-proof techniques 4 method for verifying basic ASM model by translating
can be applied to formally prove the correctness of basigem to an appropriate fragment of First-Order Tem-
ASM specifications. Using this framework, both basicpora| Logic(FOTL). The work presented is very much
ASM specifications _and required properties are repres spirit of the work done by Nowack. They have de-
sented by formulas in the same logic. In particular, Wgneq restrictions on basic ASM specifications (ASM-
provide some basic rules to translate basic ASM mods;ograms) which ensure that temporal translation falls
els into TLA™ specifications. TLA is a formal spec- jnto monodic fragment of FOTL, which is, in general,
ification language based on Zermelo-Frankel set thempgecidable, but finitely axiomatizable. This allows th-
ory, first-order logic and the linear-time temporal logicer 1o use temporal translations for (semi-)automatic
TLA[LZ]. In addition to the operators of TLA, it con- yerifications of restricted basic ASM specifications ei-
tains operators for defining and manipulating data strugper by decision procedures, or by theorem proving for
tures and syntactic structures for handling large specifiaricted fragments of FOTL. Technically, Fisher's def-
cations. The TLA™ framework offers a potential math- ihition of monodicASMs is less restrictive than that of
ematical logic framework into which ASM model ele- guardedASMs. On the other hand they can only guar-
ments are directly translated to their most natural equiyptee existence of semi-decision procedurerfonodic

alents in TLA'. _ . . ASMs as opposed to decision procedure doarded
The remainder of this paper is organized as followsagps.

Section 2 we give a brief overview of related works.

Section 3 briefly presents the basic notions of the ASN,;
approach. In section 3, we give an overview of the mailgi
features of the TLA logic and the specification languag

In the work on real-time systems by Beauquier and
ssenkol[1], basic ASMs are represented by an exten-
on of the theory of real addition and then the verifica-

flon problem is discussed. The main open question in
TLA 'f S%cthn:éiﬂmalglyl gt:out }thA;ra”Sf“‘iF‘ P'O%his work is to find a complete axiomatization for the
cess of a basic model into a pecification. roposed extension.

this section provides a description of how each element . .
P b Work in [9], introduces a formal language for ASMs

of a basic ASM model has to be encoded in TtLAXx- .
pression. In section 5, we present a case study to cr_alled FLEA, a system for formal reasoning about ASM

lustrate the process of formal modelling and analysis obehawors. It. h"’.‘S adopteql a modal view, intended to
basic ASM model using the TLA-logical framework. catch the main ideas behind A.SMS' FITE'.A‘ has been
Finally, in section 6, we conclude our contribution anqexten@ed_to ’.“Oda' FLEA, for which a preliminary ax-
outline futur research directions. lomatization is presented.

The work presented in this paper is similar to the
work done by Fisher and Lisitsa, as our work presents
2 Related Work a methodology for the deductive verification of basic
Several attempts of applying formal verification techASM models based on a translation of basic ASMs to
nigues to ASM models have been investigated. In thithe Temporal Logic of Actions (TLA) as a formal ba-
section, we only report some deductive verification apsis. In contrast, our formalization approach to formally



reason about basic ASM behaviors does not impose re-Static : static function names have the same fixed
strictions on the basic ASM specifications. Further-  interpretation in each computation state; that is,
more, the translation schemas support all basic ASM  static functions never change during a run.

rules, as well as arbitrary n-ary functions. This is due to ] ] ) ]

the expressive power and flexibility of the TtAlog- - Dynamic : the interpretation of dyna_mlc functlon'
ical formalism equipped with a complete set of proof =~ Namescan be chan.ged by the transitions occurring
rules for reasoning about temporal properties that can N @ given computation step; that is, dynamic func-

be required for modeled systems in basic ASMs. tions change during a run as a result of the speci-
fied system’s behavior. Dynamic functions repre-

sent the internal state of the system.
3 Basic Concepts of Abstract State Machines
Every ASM-signature: is assumed to contain the
Abstract State Machines (ASMs) [3] are used for modfo|lowing logic symbols: static nullary functioriBrue
elling systems as transition systems. They define a statg=q/se , Unde f, the equality sigr=, and the sort (uni-

based computational model, where computations(runggrse)Boolean with its usual boolean operators:( A,
are finite or infinite sequences of statesS; >;>0, 0b- v/, etc.)

tained from a given initial stat®, by repeatedly exe-

cuting transition rules. In ASMs, states are defined 351 5 Basic ASM Transition Rules :

many-sorted first-order structures over a given signature _ N

¥ (a vocabulary), and the transition relation is specilransition rules describe how transitions between states
fied by transition rules for describing changes to state§lgebrasof signature) can occur. They define the
States are implicitly given in an ASM model, and arechanges over time of the states of ASMs. The basic
usually described in terms of functions in the underlyASM transition rules are syntactic expressions gener-
ing signature. Abstract state machines are considerééed as follows :

appropriate for giving semantics of a system in terms of ) _ _ .
its set of possible executions. - Skip rule : the skip rule is the simplest transition

rule. This rule causes no change to any function
value. It is denoted aSkip
3.1 The Basic Model

An abstract state machine modgf, can be defined as _ {7,4q4te rule : The update rule is an atomic tran-

a tuple of the formM = ( X, Prog , Init ), whereX
is a sighature/nit is a closed formula ovex. describ-
ing the initial state andProg is a finite set of transition
rules.

3.1.1 States:

States of\M/ are variants of first-order structures over a

given signature.. They are also callell-Algebras A

signatureX consists of a collection of domain names
(also called universe or set) and a collection of function

names, each function nanfecoming with a fixed arity
n and profileT; x ...x T,, — Ty, whereT;(1 < i < n)
andT}, are universe names (writteh: 71 x ...x T, —
Ty), orsimply f: — T if n = 0.

A X-Algebra(or state )S consists of a nonempty
setT® for each universé (the carrier set of"), and a
function f¥ : T x ... x TS — T} for each function
namef : Ty x ...x T, — T} in 3.

The universe names may be markeddgsamicor

staticaccording to whether or not the set of objects they

contain may vary. Function namesdhcan be declared
as:

- Conditional rule :

sition rule, also called a local function update or
simply update and has the foren:= t  wherec

is a variable (a dynamic nullary function in ASM
terminology) and is a closed term over. The
updatec := t transforms the current state into a
new state, in which the denotation ofhas been
changed into the current denotationt of

Likewise, iff is a dynamic function of arity, and
s eens t,, t are terms ovel, thenf( ¢,

., ty):=t lisalsoafunctionupdate. The ef-
fect of this update is that the denotatiorfoih the
next state is equal to its denotation in the old state,
except that the function value on the current values
ofty, ..., t,, is changed into the current value
of . This update also transforms the current state
into a new state.

The conditional rule is a con-
ditional update rule which specify a precondition
for updating. It has the fornif ¢ Then Ry
Else Rpr whereg, the guard, is a boolean ex-
pression and?r , Rr are arbitrary update rules.



TheElse partin a conditional rule may be omit- In TLA we distinguish two classes of variables called
ted, implicitly makingRr = Skip . The mean- rigid variablesandflexible variables The rigid vari-
ing of this rule is that whenever the guagcval- ables represent quantities that do not change with time,
uates totrue then applyRr at the current state they are also called constants. The flexible variables
otherwise applyRr. Note that the rulef; and represent quantities that may change with time, and are
Ry can take the form of a block rule (see below). just called variables.
TLA formulas are built up fronstate functionsis-
ing the usual boolean operators (V ,— ,= ) and the
- Block rule : the block rule has the form operators (prime) and(] (read as always). Astate
functionis defined as a non-boolean expression built

bllgck upon variables and constant symboBState functions

Rl are interpreted over single states. For example, the value
2 of the state functionz + 1 is 3 at a states in which

the value ofz is 2. A state predicatés a boolean ex-

efgblock pression built from variables and constant symbols. For

example,x > 1 is true in the state. An actionis

a boolean-valued expression which can be made from
variables, primed variables and constant symb#is-
Tonsare interpreted over pairs of states. The unprimed
variables are interpreted in the first state of a state pair
and the primed variables in the second. For example,
theaction y' = x + 1 is true over the pair of statds

, t) iff the value ofy in t is equal to the value of in s
plusl. A pair of states satisfyingction A is called anA

step We write f/ for the expression obtained by prim-
3.1.3 Computations : ing all the variables of the tuple (i.e séate functioh f ,

A computation (run) of an ASMV/ is a finite (or infi- and[A], for (A V Unchanged f) where Unchanged
nite) sequence of statéSy, Si, ..., Sk, ... suchthatS,  f £ (f' = f), so an[A] , stepis either an4 stepor a
refers to some given initial state and each sfatg (¢ >  step that leavesf unchanged.

WhereR; for 1 < ¢ < n are transition rules. The
block rule groups a set of transition rules and fire
them simultaneously. In ASMs, with the block
rule we construct the overall ASM-prografixog),
and for brevity we always omit the keywords “blo-
ck” and “endblock”, and use indentation to elimi-
nate ambiguity.

0) is obtained as the result of firing the progrdtog As usual in temporal logic, iF is a formula then
ats;. OF is true of a behavior iff it is true in every state of
it. So,0[A], holds over a behavior iff every pair of
S, 9 g, 9 g, o8 Prog g P18 consecutive states in it is either anstepor astepthat
leavesf unchanged.
In this way, an ASM specificatiof/ which can be con- The standard way of specifying a system in TLA is

sidered as given by a prograffrog together with an ith a formula in the “canonical form”:
initial state So, models computations of dynamic sys-7t A O [Next], , where
tems through finite or infinite ASM runs. !
. Initis the initial-state predicate, a formula describing
4 Overview of TLAand TLA * all legal initial states of the system

The Temporal Logic of Actions (TLA) was proposed, yeyt is the next-state relation, which specifies all
by Lamport[11] as a logic for specifying and reasoning  possible steps (pairs of successive states) in a be-
about reactive, distributed, and particular asynchronous  hayior of the system. It is a description of actions
systems. TLA uses a single logical formalism for de-  that describe the different system operations.
scribing transition systems and formulating their prop-

erties. It is an extension of classical first-order logic by f consists of the variables the system operations can
some linear-time temporal logic operators with a rel-  change.

atively complete set of proof rules. The semantics of

TLA is defined in terms of states and behaviors. A state TLA™ is a formal specification language based on
is an assignment of values to variables, and a behafuntyped) Zermelo-Fraenkel set theory in which every
ior is an infinite sequence of states. A TLA formula isvalue is a set, first-order logic, and TLA logic [12].
interpreted as a boolean function on behaviors. TLAT supplements TLA with operators for defining



and manipulating data structures and mechanisms (syBerts Representation : sorts have different TLAen-
tactic structures) for writing specifications modularly.coding depending on their being static or dynamic :

A TLA T specification is organized as a collection of

modules. Logically, a TLA module consists of a list . A static sortU, i.e. a sort which does not change

of statements, where a statement can ldeaaration during computation, is translated as a TLAon-
adefinition anassumptioror atheorem It has the fol- stant parameteri@id variable) U, declared in the
lowing form: TLA *module with the CONSTANTS statement,

as follows :ConstantsU. In TLA™, we can give
the definition of the constant value in tA& SUME
statement, in terms of the TLAbuild-in opera-
tors.

MODULE (Name

CONSTANTS (List of constant parameters
VARIABLES (List of variable parametels
ASSUME (Properties of constants

TYPE INVARIANT  (Properties of variablels . A dynamic sortD, i.e. a sort which may change dur-

INIT {Initial values of vf'ir_iable}s . . ing computation, is encoded as a TtWariable
SPEC (A formula describing possible behaviprs parameterfiexible variablg D, declared with the
THEOREM (A formula stating properties of sped VARIABLES statement, as followsVariables
END.

D.

Below are some of the TLA notations used to rep-
resent functions : Functions Representation : ASM basic functions are
. The TLA* expressionz € S — e(xz)] defines the classified in static functions which remain constant, and
function f whose domain is the sef such that dynamic function which may change interpretation dur-

f1d] = e(d) for everyd € S. ing computation.
- The TLAJF notation[A — B] represents the setof all A static functionf together with its signature (e.g.:
functions from the sed into the setB. S — T) that provides the type information of the
. If fisafunction, the TLA expression [f EXCEPT![i] function symbolf, is encoded as a TLAconstant
= j ] defines a new function which is equal fo parameterf together with a set membership as-
except ini where the returned value js So, the sumption (such ag ¢ [5 — T]) declared in the
assertiory’ = [f EXCEPT![i] = j] meansf’[i] = ASSUME statement of the TLAmModule, assert-
FAVd£i: flld = fld]. ing that its value is a function in the set of all func-

_ o _ tions (with domainS and range a subset @Y, de-
. The function application is expressed using square  scribed by the TLA constructS — T. Further-

brackets, so the notatiofi[i| represents the value more, the definition of static function bodies can
obtained from functiory with argument. be given in theASSUME statement.
5 TLATInterpretation of Basic ASM Models . A dynamic functionh together with its typing infor-

mation, is encoded as a Tl/Aariable parameter

h. The type property of the variable will be
specified by a TLA typing predicate namely a
state predicate which has not to be assumed but
to be proved as an invariant of the resulting TLA
temporal formula identifying behaviors of the ba-
sic ASM model.

TLA T provides a unified logical framework for formal-
izing the execution semantics of ASM descriptions, and
in which we are able to formally representing runs of
ASM-programs in logical terms. In this section, we
present a translation method for the formalization of
basic ASM models. This defines a logical semantics
which enables the deductive verification of systems mod-
eled in ASMS. The generic translation rules show how
each aspect of a basic ASM model has to be encod&emark : Since First-Order Logic is a subset of both
into an equivalent TLA -expression. Through this transASM language and TLAlanguage, each first-order for-
lation process, we assume that the signature of a basiwla over an ASM-signature is transliterated to a Ti-A
ASM model is thought of as being embedded in TE-A  formula with the same corresponding parameters. As a
language. Hereafter we summarize the Tltfanslatio- special case, the initial condition describing the starting
ns of the different aspects of a basic ASM model. state of an ASM run is transliterated to a TtAtate

An ASM model translates into a TLAModule, a spec- formula specifying the initial values of ASM-variables
ification unit in the TLAlanguage. (dynamic functions in ASM terminology).



TLA *Translations of Basic ASM Rules : We now
describe how ASM transition rules are translated into
TLA™T formulas @ctiong which capture their execu-
tion effect upon a given state. In the following, we
will consider translation schemas for the standard basic
ASM rules, namelySkip, Atomic update, Conditional,
and Blockrules. To simplify notation, let considd®
andR; (i > 1) stand for ASM rulesexp for an ex-
pression,g for a boolean expression(condition),for

a variable(dynamic nullary functiony; for a dynamic
function with arityn > 0, V(R) for the set of variables
potentially changed by, V' for the set of all declared
ASM-program variables, ar[fiR]] for the translation of
Rinto TLA™, namely the resulting TLAaction which
describes the execution semantics of the ile No-

tice that actiorj[R]] does not state anything about those
variables that are not used iy where needed, such an
action is obtained o/ (R) by the stuttering action as
follows : Unchanged(V — V(R)).

. Skip rule of the form,R :: Skip , is a null state-
ment(i.e., a no-op statement). It does nothing. In
TLAT this expressed by an action formula that is
identicallytrue, where:[[R]] £ true, andV (R)=0.

Basic update rules: The most basic forms of updates
that can appear in an ASM model are called local func-
tion updates. They are similar to assignments in imper-
ative programming languages :

. Updates of the formR :: = := exp. The effect
of this update upon a state is to change the value
of x into the value ofexp. In TLAT, the corre-
sponding change to is expressed by the TLA
action[[R]] using the prime operator as follows :
[[R]] £ 2’ = exp, whereV (R)={z}.

. Updates of the formR :: f(t1,...,t,):= exp,isrep-
resented by the TLA-action [[R]] using the EX-
CEPT construct, the primeoperator as follows:
[[R]] £ f' = [f EXCEPT/ty,....t,] = exp],
whereV (R)={ f}. The TLA"-expressionf EX-
CEPT!ty,...,t,] = exp] represents the new func-
tion f’ that is the same g&except thaif’ [t1, ..., t,]-
= exp.

. Conditional rule of the form,R :: If ¢ Then R;
Else R,, is the most common means of specify-
ing a precondition for updating. Its TLAsemantics
is expressed by using the logical conditional choice

. Blockrule oftheform,R ::Block R; Rs ...

operator, namely the lEondition THEN formu-
lal ELSE formula2 structure which is equiva-
lent to

((condition A formulal) V (—conditionA for-
mula2)). The ruleR is translated as follows :

[[R] & AIF g THEN
A [[R1]] A Unchanged (V(Rz2) — V(R1))
ELSE
A [[Re]] A Unchanged (V(R1) — V(R2)

where[[R,]] and[[R;]] are the TLA translations
of the sub-rule?; andR,, andV (R) = V(R;)U
V(Rz).

R,
endblock , groups a set of sub-transition rules.
With a block rule we construct the overall basic
ASM-program namelyProg. Execution of a block
rule amounts to the parallel execution of its sub-
rules, provided these rules are pairwise consistent.
TLA provides different specification styles, nam-
elyinterleavingandnoninterleavingstyles, for rep-
resenting the concurrent execution of the sub-rules
composing the block rule. With the block rule, we
adopt the noninterleaving representation which al-
lows simultaneity of transitions and simplifies rig-
orous reasoning about basic ASM-programs be-
haviours. According to the noninterleaving model
of execution, the parallel execution semantics of
the sub-rules within a block rule is formally rep-
resented by a TLA-based noninterleaving spec-
ification. The TLA™-based noninterleaving rep-
resentation associated with a block rutes con-
structed from the TLAtranslations of the sub-rules
Ry, Ro, ..., R, asfollows:

[[R]] £ V [[R1]] A Unchanged (V(R) — V(Ry))
V [[Re]] A Unchanged (V(R) — V(R2))
V...
\ [[Rrb]] A UnChanged (V(R) - V(Rn))
V[Ra]] A [[Re]] A
A UnchangedV (R) — (V(R1) UV (R2)))
V...
VA[BL] A [[Ral] A [[Rs]] A
AUnchangedV (R) — U§:1 V(R)))
V...
VAR A (Rl Ao A [[Ra]

WhereV (R) = V(R;) UV (Ry) U ..U V(Ry),
and[[R4]], ...,/[R,]] are TLATsemantics of the sub-
rulesRy, Ra, ..., R,. The conjunctd/nchanged (-



V(R)—V(R;))ic1... means that all variables wh- items to be processed by the system. Furthermore, the
ich are not changed by the current rdtg remain value ofz and ofy may be undefined ( represented by
constant. z_undef andy_undef, respectively), and the buffer

may be empty (represented byundef).
The TLATformula representing the temporal behav-

iors of a basic ASM model (specificatiah) is a safety
formula® of the following form :

The ASM Signature:  The signature: consists of
the following universe and functions together with their

whereI NIT is the state predicate representing thé ssociated sorts :

initial condition of the basic ASM model/, Next is

the TLA* action (semantics) for the basic ASM-program static universe :Items
( Prog namely the block rule) defined as a disjunction

of actions capturing the possible individuals transitions

® = [[M]] £ INIT AO[Neat],,

and multiple simultaneous transitions, &rds the col-  static functions

lection of ASM-program variables. The TLAformula z_undef : — Items
® describing an ASM model can be used to infer any y_undef : — Items
safety property of an ASM system specification through b_empty : — Items
logical reasoning. Formul® = [[M]] characterizes

the set of all admissible behaviors, i.e. the behaviors
of which it holds. The formulab produced in this way . Dynamic functions :

for an ASM modelM captures the possible runs of this x: — Items
ASM. item : — Items
y: — Items
6 Case Study : A Producer-Consumer buf : — Items
System

In this section we use a case study to illustrate the pro-
cess of formal modelling and analysis of a basic ASMyitia| State :  Init is a first-order formula specifying
model using the TLA-logical framework. The case the initial state of any ASM run.
study is a variant of distributed computing systemswhi%it =2 — ¢ _undef Ay = y_undef A buf —
may originate from quite different areas, including datab_ empty
bases, communication protocols, namely a producer- ’
consumer system, formalized in terms of basic ASM
notation as presented fin[8].
s e i o b ety Consains - _thes e frstorder descrp
. ions which express implicit assumptions about the ap-

to use the shared resource(the buffer) which must not :cation domain
accessed by the two processes simultaneously. Distin- '
guished items are produced, delivered(sent or depositetdL
to a buffer by a producer, later removed(received or ac-
cepted) from the buffer, and finally consumed by a con-
sumer. The buffer is assumed to have capacity for one
item.

The basic ASM model of the above informal de'The ASM Program : Below is the set of transition

scription of the algorithm together with its temporal tran- - :
slation and correctness condition are given below: rules describing behavior of the system. The processes

interact as follows: In case the valueofs undefined,
o the value ofitem is assigned ta;, then forwarded to the
6.1 ASM Specification : empty buffer, removed from the buffer and assigned to
The basic ASM modeM = ( %, Prog , Init ) of the y, and finally consumed.The basic ASM-progr&og
above system is based onto a signature including theas follows:

0-ary symbolsz, y, buf. Their value may represent

x_undef # y_undef # b_empty



PROD:: Ifx = xz_undef Thenz := item
REC £ |F = (buf = b_empty) Ay = y_undef

SEND:: If=(x = x_undef) AN buf = b_empty THEN Ay’ = buf

Then Abuf' = b_empty

buf :=x

x:=x_undef CONS 2 1IF - (y = y_undef) THEN Y = y_undef
REC:: If = (buf = b_empty) Ay = y_undef NEXT =2V PROD A Unchanged(V — {x})

Then V SEND A Unchanged(V — {buf,z})

y:=buf V REC A Unchanged(V — {buf,y})

buf := b_empty V CONS A Unchanged(V — {y})

V PROD A REC A Unchanged(V — {x,y,buf})
CONS:  If- (y = y_undef) Theny := y_undef V PROD A CONS A Unchanged(V — {z,y})
VSEND A CONS A Unchanged(V — {z,y,buf})

N e ® =[[M]] £ INIT NO[NEXT),,
6.2 TLA™ Specification :

In the following we present the temporal translation of END.
the ASM specificatiod/ of the producer-consumer sys-
tem. The TLA"module that encodes the basic ASM
modelM by following the translation schemas is as fol-The purpose of giving a logical characterization of the
lows: behavior of an ASM specification using the TLA logic
has been to be able to formally state and verify tem-
poral properties using the proof rules of TLA. In TLA
both ASM models and their required properties are rep-
resented in the same logic. The assertion " An ASM
model M has the property’ " is expressed in TLA by
Constants Items, x_undef, y_undef, b_empty o alidity of the formulal[M]] = P, where[[M]]
represents the TLA semantics of ASM system specifi-
cation and[P]] is the logical expression of the informal
propertyP.

As an example of correctness requirement that the prod-
ucer-consumer system should satisfy is the exclusive
sharing of buffer(mutual exclusion property), meaning
that at any moment there can be at most one process

6.3 Correctness Proof of the Basic ASM Model :

Module ProducerConsumerASM

Assume A Items # ()
A xz_undef,y_undef,b_empty € Items
A xz_undef # y_undef # b_empty

Variables =z, vy, buf, item

TypeInvariant = A x € Items accessing the buffer. This property of mutual exclusion
Ny € Items for such a system is an example of invariance(safety)
Aitem € Items properties, those which are true at every state of the sys-
Abuf € Items tem execution. In TLA, this mutual exclusion prop-
. . erty can be formally expressed by the temporal formula
V = (z,y,buf,item) OMutex, whereMutexz is a state predicate of the fol-
lowing form:

INIT &£ Az = z_undef
Ay = y_undef Mutex = —(z = buf Ay = buf)

A buf = b_empty The formal correctness proof of the ASM specifica-

tion M which simulates the producer-consumer system
behavior, is reduced to proving that the corresponding
TLA T-translation[[M]] satisfies the mutual exclusion

PROD £ |F z = z_undef THEN z’ = item

SEND £1F = (z = z_undef) A property OMutez. In TLA', the assertion that the
A buf =b_empty TLA *-translation[M]] satisfies the properfyi M utex
THEN Abuf' =z takes the form of the following theorem(a TLA for-

ANz = x_undef mula) :



THEOREM:[[M]] = OMutex proof system of TLA. Futur development of this work

] ) o includes the design and the implementation of a model
Which asserts that every behavior satisfying the Tltranslator, namely ASM2TLA translator, to support

A "specificatiorf[M]] also satisfy the properfyiMutez, the automatic translation of basic ASM specifications
i.e. the predicaté/utex is true through every behavior jnio TLA+ specifications which can be verified auto-

satisfying this specificatiofjM] . matically using the TLA model checker called TLC[12].
On the other hand, we have in mind to extend the pro-
6.3.1 Correctness proof : posed approach to cover the specific cases of ASMs

The proof of[[M]] = OMutex is a relatively straight- Such as distributed ASMs, non-deterministic ASMs, and
forward application of classical first-order reasoning anfPncurrent ASMs with the await construction.

simple temporal facts which are embodied in the TLA
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